Objectives: Osteonecrosis of the jaws is a side effect associated with the use of bisphosphonates. Using histologic analysis, this study aimed to evaluate the influence of microbial colonies in the development of osteonecrosis in the jaws of rats subjected to nitrogenous and non-nitrogenous bisphosphonates, undergoing surgical procedures. Material and Methods: Thirty-four rats (Rattus norvegicus, Wistar strain) were allocated randomly into three groups: 12 animals treated with zoledronic acid; 12 animals treated with clodronate; and 10 animals treated with saline. Sixty days after the start of treatment, the animals underwent three extractions of the upper right molars. After 120 days of drug administration, the rats were killed. Histologic analysis was performed on specimens stained with hematoxylin and eosin by the technique of manual counting points using Image-Pro Plus software on images of the right hemimaxilla. Results: Osteonecrosis was induced in the test groups. There was no statistically significant association between the presence of microbial colonies and the presence of non-vital bone (Kruskal-Wallis, P > 0.05). Conclusions: Use of zoledronic acid was associated with non-vital bone and the results suggested that the presence of microbial colonies does not lead to osteonecrosis.
INTRODUCTION
Bisphosphonates (BPs) are potent inhibitors of osteoclast function and are widely used as the treatment of choice or adjuvant therapy for osteoporosis, Paget disease, bone metastasis and hypercalcemia of malignancies [1, 2] . These drugs are chemically classified into two main groups: nonnitrogenated and nitrogenated. The nitrogenated drugs are much more potent [3] . Bisphosphonate-related osteonecrosis of the jaws (BRONJ), first recognized by Marx in 2003 [4] , is an important side effect of BP therapy. Clinically, BRONJ is characterized as an area of exposed bone in the jaws persisting for more than 8 weeks in a patient currently or previously exposed to these drugs and with no history of head and neck radiation therapy [4] [5] [6] . The major risk factors for BRONJ are tooth extractions, poor oral hygiene, conditions of immunosuppression, route of administration (intravenous or oral BPs), type of BP (non-nitrogenated or nitrogenated), and treatment duration [7, 8] . The pathogenesis of BRONJ has not been fully elucidated and it is believed that it has a multifactorial origin [5] . The causal factors are basically related to four mechanisms: (1) inhibition of bone remodelling, where osteoclasts are the main cellular target of BFs, affecting bone remodeling; (2) inhibition of angiogenesis, where the vascular supply is interfered; (3) toxic effects of BPs on the oral epithelium, where the normal healing of the soft tissue is affected and (4) infection, where the presence of a complex biofilm on exposed bone is an important component for the development of the disease [5, 8, 9] . The management of BRONJ is based on stage and size of the lesions, requiring different degrees of surgical or non-surgical interventions strategies [10] . Treatment options may range from improving of the oral hygiene conditions and administration of systemic antibiotic therapy to, in more severe cases, surgery with debridement of the affected area [11] . In addition, other therapeutic methods for BRONJ are being investigated, including low-level laser therapy, hyperbaric oxygen therapy and platelet-derived growth factor locally applied [12] [13] [14] . Few studies have shown the effects of microorganisms on the development of BRONJ. The relationship between the causal factors and the development of the injury requires further investigation for better understanding. Using histologic analysis, this study aims to evaluate the influence of microbial colonies on the development of bisphosphonate-related osteonecrosis of the jaws in the jaws of rats subjected to therapy with nitrogenous and non-nitrogenous bisphosphonates.
MATERIAL AND METHODS Animals
This study was approved by the Ethics Committee, School of Dentistry, Pontifical Catholic University of Rio Grande do Sul, Brazil (protocol no. 09/00083). The procedures were carried out in accordance with institutional guidelines for animal care and use. The sample comprised 34 female rats (Rattus norvegicus, Wistar strain) from the animal facility of Federal University of Pelotas; the mean age was 120 days and the mean weight was 230 g (standard deviation 0.5). The animals were individually identified on their tail and housed in plastic cages (5 per cage) placed in ventilated racks (Alesco, Monte Mor, SP, Brazil) at a temperature of 22 °C with a 12 h light/dark cycle (lights on at 7:00 AM and off at 7:00 PM). During the experiments, a standard diet of rat chow (Nuvilab, Colombo, PR, and Brazil) and filtered water were provided ad libitum. The animals were randomly selected according to the different colours marked in their tails and allocated into three groups, based on the BP used (intraperitoneal administration every 28 days):
• Zoledronic acid group: 12 animals treated with the nitrogen-containing BP zoledronic acid (0.6 mg/ kg) (Novartis Pharma AG, Basel, Switzerland); • Clodronate group: 12 animals treated with the non-nitrogen-containing BP clodronate (20 mg/ kg) (Jenahexal Pharma GmbH, Thuringia, Germany); • Control group: 10 animals that were given saline solution (0.9% sodium chloride).
Surgical procedures
All animals were subjected to tooth extraction on the right side of the maxillae. Oroscopy was done after anaesthetized to certify that there were no previous oral lesions. Tooth extractions were performed 60 days after the beginning of the experiment. The animals were anesthetized with a single intraperitoneal injection of a mixture of ketamine hydrochloride 5% (100 mg/kg; Vetbrands, Jacareí, SP, Brazil) and xylazine hydrochloride 2% (10 mg/kg; Vetbrands). The three upper molars were extracted using an adapted 3s spatula (SSWhite, Duflex, Rio de Janeiro, RJ, Brazil) for luxation and paediatric forceps (Edlo, Canoas, RS, Brazil) with the functional portion adapted to the size of the tooth.
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Euthanasia of the animals and dissection of the maxillae
After completing 120 days of drug administration, the animals were euthanized by deep anaesthesia with isoflurane (Cristalia, Porto Alegre, RS, Brazil) in an appropriate anaesthesia chamber. The maxillae were then surgically removed and fixed for 24 h in 10% buffered formalin (TopGlass, Porto Alegre, RS, Brazil).
Histological processing and analysis
The specimens were cut into two fragments in the coronal direction, using a steel sanding disc at low speed and subjected to decalcification in ethylenediaminetetraacetic acid (EDTA; Biodinâmica, Ibiporã, PR, Brazil) solution for 30 days. They were then embedded in paraffin, cut into 4 µm sections, and stained with hematoxylin and eosin. The histological sections were digitized using an Olympus BX51 light microscope (Media Cybernetics, Silver Spring, MD, USA), connected to an Olympus DP72 video camera (Media Cybernetics, Silver Spring, MD, USA) and an Image-Pro Capture Kit Platform (Media Cybernetics, Silver Spring, MD, USA). The images were captured using a x20 objective and stored in tagged image file (.tiff) format. The images were analysed using the manual counting technique in the Image-Pro Plus 4.5.1 software (Media Cybernetics, Bethesda, MD, USA). The program allows the digital image to be captured overlain with a grid to allow areas of interest to be marked and counted. Sixty-eight histologic slides stained with hematoxylin and eosin stain were documented. Initially, the slides were prepared from the right side where the molars were extracted. Subsequently, the entire length of the hemimaxilla on the same side was examined. To do this, the images were obtained to accommodate an area 540 µm in height and 540 µm in length, covering the entire area. The guide for the movement of discards was obtained by MeasureTool 5 software (X-Rite, Inc. Grand Rapids, Michigan, USA). Quantitative analysis was performed for the following variables: non-vital bone, microbial colonies, and root fragments. The microbial colony count was based on the morphological characteristics compatible to Actinomyces sp.: structures organized in a sunbeam pattern bound together by an eosinophilic material adhering to the surface [15] . A 713-point grid was superimposed on each image, and each point was counted according to the matching morphological structures (Figure 1 ). Data were stored in Microsoft Excel, version 2013 (Microsoft Corporation, Redmond, WA, USA). 
Statistical analysis
The images were analysed by an examiner who had been calibrated and was blinded to the conditions. Calibration consisted of evaluating a series of 20 histologic images, twice, at two different time points. The results of these two evaluations were subjected to a paired t test and Pearson's correlation coefficient, to show the absence of a significant difference (P > 0.05) and a strong correlation (r > 0.9). The data were analysed by descriptive statistics, the Fisher exact test and the Kruskal-Wallis test complemented by the multiple comparisons test; the level of significance was set at 5%. The statistics were processed using SPSS 17.0 software (Statistical Package for the Social Sciences, IBM, Chicago, IL, USA).
Parametric data were expressed as mean and standard deviation (M [SD]).
RESULTS
Non-vital bone
On oral examination before tooth extractions, no animals exhibited oral mucosal lesions. Table 1 shows the results for the frequency (presence/absence) of non-vital bone on each group. Non-vital bone was present in all groups. Using the Fisher exact test, it was observed that zoledronic acid was associated with non-vital bone (P < 0.001). Table 2 shows the results for the frequency (presence/ absence) of microbial colonies. Using the Fisher exact test, it was observed that all groups showed an association with microbial colonies (P < 0.001).
Microbial colonies
Microbial colonies and root fragments
The results for the histological evaluation of microbial colonies and root fragments are presented in Table 3 . There was no significant difference between the variables and non-vital bone (Kruskal-Wallis, P > 0.05).
DISCUSSION
The use of rats in studies involving assessment of the oral biofilm is justified by the presence of similarities between the oral microbiota of this animal model and humans [16] . However, animal studies relating to pharmaceuticals and environmental agents may be a not valid predictor of human experience. These types of studies should always respect the rules of Reduction, Replacement and Refinement suggested by Russell and Burch [17] in 1959. Therefore, the number of animals should be the minimum required to achieve a valid statistically significant result and the use of alternative methods, based on computer simulation or in vitro testing, are preferred. In addition, investigations must be always refined in order to decrease potential suffering of the involved animals.
The present research examined the effects of microorganisms on the development of osteonecrosis associated with the use of a nitrogenated BP (zoledronic acid) and a non-nitrogen BP (clodronate) in rats. It was necessary to assess whether the condition was present before performing the surgical procedures. Non-vital bone was observed in all groups. However, only the zoledronic acid group showed a statistically significant association with this variable. This result is in agreement with other in vivo studies reporting increased frequency of BRONJ in users of nitrogenated BPs, particularly zoledronic acid [18] [19] [20] [21] . It is possible to infer that the extraction procedure is a risk factor for the development of BRONJ, which is in agreement with the results of other laboratorial and clinical studies [4, 22, 23] . Actinomyces sp. have been identified in microscopic and scanning electron microscope studies of BRONJ [10] . All groups in this study showed microbial colonies compatible with Actinomyces sp. This result is consistent with other research that demonstrates in vivo, using histopathologic analysis, the presence of microorganisms in bone specimens from patients with BRONJ [21, [24] [25] [26] [27] . It is believed that bacterial clusters in the oral cavity have the ability to cause pathologic bone loss through three mechanisms: (1) destruction of noncellular components of the bone by releasing acids and proteases; (2) induction of cellular processes that stimulate bone degradation; and (3) inhibition of the synthesis of bone matrix [8, 28, 29] . Although Actinomyces sp. and non-vital bone were present in all groups, there was no statistically significant association between the two variables in the groups assessed. It is known that BRONJ is associated with a multi-species mixed population [15] . Aftimos et al. [30] evaluated the microbiological characteristics of patients diagnosed with BRONJ using histopathology analysis, and observed the presence of fungal infection in all cases. Sedghizadeh et al. [29] verified the type of biofilm present in patients with BRONJ by electron microscopy and histologic analysis. In their study, Fusobacterium, Bacillus, Actinomyces, Candida, Staphylococcus, Streptococcus, Selenomonas, and Treponemas species were observed. The authors concluded that the presence of fungal and bacterial colonies associated with the absence of osteoclasts in resorption areas could contribute to the development of the disease.
Furthermore, Ji et al. [31] mapped the profile of patients with BRONJ, with and without treatment with antibiotics, using a polymerase chain reaction with the bone fragments adjacent to soft tissue injury. The authors noted that while the groups showed different types of bacterial colonization, Actinomyces sp. was present in both groups. This study evaluated the presence of microbial colonies morphologically consistent with Actinomyces sp. in groups treated with different BPs. It is possible, as discussed earlier, that other microorganisms are directly involved in the development of BRONJ, and Actinomyces sp. have an adjunctive role. This is consistent with the findings observed in this study. In the present research, the microorganisms were stained exclusively with hematoxylin and eosin stain, which limits the investigation. Oral microbial colonies do not cause any pathology if the integrity of the mucosal barrier is not affected. For colonization to occur, a combination of patient susceptibility and the presence of potentially pathogenic microorganisms are necessary [15, 32] . It is known that patients using nitrogenous and non-nitrogenous BPs intravenously usually have some degree of immunosuppression. In the present study, the groups were not subjected to any form of immunosuppression. It is possible that this has affected the results obtained in this study. Still, the lack of a significant association between root fragments and non-vital bone suggests that the conditions observed arise from the type of BP used, because the results exclude the participation of this variable in the development of the disease. The influence of infectious agents on BRONJ pathogenesis has not yet been completely clarified. Thus, studies that aim to quantify and classify the types of microorganisms involved in the development process of the disease are necessary. Besides, the strong correlation between BRONJ and nitrogenated BPs reported in clinical studies raise doubts about the possibility of different types of interaction of microorganisms in cases of BRONJ induced by nitrogenated and non-nitrogenated BPs.
CONCLUSIONS
The results of this study showed that zoledronic acid was associated with non-vital bone and that there was no statistically significant association between the presence of microbial colonies and the presence of non-vital bone. Despite the limitations of the present work, it is suggested that the presence of microbial colonies is not involved with osteonecrosis.
